The amount of family financial resources available in early life influences child health and development. Using data from the 2000 and 2007 waves of the Indonesian Family Life Survey, we estimated the associations of earlylife poverty (at age <7 years) and poverty in later childhood (at age 7-14 years) with cognitive function at age 7-14 years. Our analysis provided little support for the idea that an early intervention to support household income has a larger effect than intervention later in childhood; both seemed equally important. We also decomposed the effect of poverty at age <7 years into direct and indirect effects mediated through poverty and schooling/home environment at age 7-14 years. For decomposing the effects, we used 3 approaches: 1) joint mediators, 2) path-specific, and 3) intervention analog. Being exposed to poverty before age 7 years had a larger direct effect (difference in cognitive function z score) on child cognitive function at age 7-14 years (i.e., joint mediators β = −0.07, 95% confidence interval: −0.12, −0.02) than the indirect effects mediated through later poverty at age 7-14 years (β = −0.01, 95% confidence interval: −0.04, 0.01) and school attendance/home environment at age 7-14 years. The effect of poverty on cognitive function was small; nevertheless, financial intervention may still benefit children's cognitive function.
Greater family financial resources are one of the key factors enabling parental investment in the health and development of children. Extensive evidence shows that children of families with fewer financial resources have poorer cognitive function at young ages (1-3) and in middle childhood (4) . In low-and middle-income countries, the presence of fewer financial resources may contribute directly to poor child outcomes through poor housing conditions, limited access to health care, poor nutrition, and inability to meet schooling costs (5) (6) (7) . Evidence from Indonesia shows that during the financial crisis in 1997-1998, average household expenditure on children's education decreased, and poorer households protected the education of their older children at the expense of younger children (8) . While a recent World Bank report (9) shows near-universal enrollment rates for primary school in Indonesia, social inequalities in school enrollment widen after age 10 years, probably due to the costs of schooling. The cost burden of education is higher among the poor and those living in rural areas. In 2010, approximately 44% of students who dropped out of school at ages 13-15 years were from the poorest quintile of households. Among this group, the average cost of education is approximately 500,000 rupiah (about US$59) per child per year, representing about one-quarter of annual household expenditure. Financial incentive programs such as conditional cash transfers are widely used in low-and middleincome countries, including Indonesia, to help poor families invest in their children's human capability (10, 11) .
We previously examined changes in socioeconomic inequality in Indonesian children's cognitive function in 2000 and 2007 (12) . Decomposing the relative concentration index showed that household expenditure was the largest single contributor to inequality in children's cognitive function (12) . In this study, we used household expenditure as a measure of poverty. This is consistent with many international studies that favor expenditure measures over income as indicators of economic resources that convert household economic inputs into health-and development-enhancing investments (13) . The aim of the current study was 2-fold. First, we examined the associations of early poverty, measured as being in the poorest 40% of household expenditure at age <7 years, and later childhood poverty (at age 7-14 years) with cognitive function. This is important for understanding the optimal timing for intervention. Second, we decomposed the direct and indirect effects of poverty at age <7 years on cognitive function at age 7-14 years. Estimation of direct and indirect effects is of policy interest for better understanding the mechanisms by which early-life poverty could affect cognitive function at age 7-14 years.
Conventional mediation and effect decomposition analysis (14) has been used to estimate natural direct and indirect effects, but extensive argument has shown that these conventional methods often generate biased estimates and lack causal interpretation (15, 16) . Decomposing natural direct and indirect effects requires satisfying 4 assumptions:
1. the effect of exposure X on outcome Y is unconfounded given covariates C; 2. the effect of M on Y is unconfounded given X, C; 3. the effect of X on M is unconfounded given C; and 4. there is no exposure-induced mediator-outcome con-
The fourth assumption can be stated as follows: The joint effect of the observed exposure and the mediator on the outcome is independent of the effect of the mediator under the counterfactual exposure (X = x*) given C, ( ∐ | )
. This is known as the "cross-world" independence assumption. There have been criticisms concerning estimation of direct and indirect effects that involve the cross-world independence assumption. Avin et al. (17) showed that estimation of direct and indirect effects that involve the cross-world assumption is unidentifiable even when the exposure-induced mediator-outcome confounding is observed. Furthermore, Naimi et al. (18) argued that estimation of natural direct and indirect effects that involves a cross-world independence assumption has no real-world interpretation but is rather a product of purely mathematical formulations that cannot be observed or estimated from any randomized controlled trial.
In this paper, we utilize methods for effect decomposition recently developed by VanderWeele et al. (19) that partially overcome the identification limitations due to exposureinduced mediator-outcome confounding. The 3 VanderWeele et al. approaches to effect decomposition do not estimate the "natural" direct and indirect effects, but they provide insight into mediation and pathways when exposure-induced mediator-outcome confounding exists. In this study, we hypothesized that poverty at age <7 years (exposure, reflecting household expenditure on children) would affect poverty at age 7-14 years (mediator), children's living conditions, and the opportunity to attend school at age 7-14 years (exposure-induced mediator-outcome confounding), which subsequently would affect both family expenditure on children and children's cognitive function at age 7-14 years.
METHODS

Study population
Our analysis used data from the 2000 and 2007 waves of the Indonesian Family Life Survey (IFLS) (20, 21) . The IFLS is an ongoing longitudinal survey conducted in 1993, 1997, 2000, and 2007 . A random sample was collected from households spread across 13 of the 27 provinces on the islands of Java, Kalimantan, Sulawesi, West Nusa Tenggara, Bali, and Sumatra in 1993. Together these provinces contain 83% of the Indonesian population (22) . Our analysis used 6,680 children aged 7-14 years whose parents or caregivers were contacted for cognitive testing in 2007 (Figure 1 ). Of these, 6,400 children (96%) participated in the testing, with 280 children not responding (119 refusals, 56 unavailable, and 75 others). The youngest children in this cohort were aged less than 1 year in 2000. These children then turned 7 in 2007, so there were 7-year-olds in both 2000 and 2007. Distributions of variables in the complete-case sample were consistent with those in the response sample (see Web Table 1 , available at http://aje.oxfordjournals.org/). Despite the importance of multiple imputation for missing data, given the technical complexity of the decomposition methods used in this paper, the analysis was restricted to complete cases (n = 4,245).
Cognitive function
Cognitive function was measured using a subset from Raven's Progressive Matrices (23) . The test comprises 12 shapes with a missing part, where children select the correct part to complete the shape. Each answer was coded 1 or 0 (1 = correct, 0 = incorrect), and scores for all 12 answers were combined as the total raw score. The total raw score increased with age, as expected, and had skewed distributions towards the left tail. We generated an age-specific z score and used this variable in continuous form wherein a higher score was associated with a better outcome (12) .
Poverty
Household per capita expenditure (PCE) was used as an indicator of poverty. PCE was constructed from monthly total household expenditures (available in the IFLS data set) divided by the number of household members (24) . The PCE was reported in Indonesian rupiah. To aid interpretation, we also report PCE in US dollars at 2000 exchange rates (US $1 = 8,422 rupiah). We report the association of PCE in 2000 with cognitive function in Web Table 2 and the association of PCE in 2007 with cognitive function in Web Table 3 . The World Bank and the World Health Organization (25) have proposed that the poorest 40% of the population be considered as living in poverty for the purposes of determining access to universal health coverage. We defined poor households as those living in the bottom 40% of PCE (about US$14/month or less for 2000 and about US$36/month or less for 2007).
We considered poverty at age <7 years as the exposure and poverty at age 7-14 years as the mediator.
Confounding
A series of child's (23), maternal (26) (27) (28) , and household (26, (29) (30) (31) characteristics were selected a priori as potentially confounding associations between poverty and cognitive function at age <7 years and as time-varying covariates at age 7-14 years. Child's characteristics included age (years; continuous) and whether the child currently attended school. Maternal characteristics included age (years; continuous), the highest level of education attained (none, primary school, junior high school, senior high school, or diploma/university degree), and whether the mother had worked for pay in the past week.
Household characteristics included household size (number of persons; continuous), self-reported number of economic hardships in the past 5 years (continuous), whether the household had electricity, whether the household used piped or pumped well water as the main drinking source, whether the household had improved sanitation (defined as owning a toilet that was connected to a septic tank), and place of residence (urban or rural). We defined maternal age, education, and employment status and household characteristics that were measured in 2000 as potential baseline confounders. We defined child's current schooling, maternal employment status, and the household characteristics that were measured in 2007 as intermediate confounding (L) affected by the exposure. In 2007, household characteristics included whether the household had electricity, whether the household used piped or pumped well water, whether the household had improved sanitation, place of residence, type of cooking fuel used (gas/electricity, kerosene, or wood/coal), house tenure (home ownership), and possession of a television. We used factor analysis (32, 33) to construct a homeenvironment score based on the variables included in L. We defined a poor home environment as being in the lowest 40% of the total home-environment score.
Statistical analysis
DAGitty 2.0 (34) was used to draw a directed acyclic graph (35) representing the associations between confounders, exposure, mediator, and outcome ( Figure 2 ). Assuming there is no unmeasured confounding, the directed acyclic graph shows that poverty at age <7 years (X) has a direct effect on cognitive function at age 7-14 years (Y). The path from X to Y is potentially mediated by poverty at age 7-14 years (M). In addition, schooling/home environment (L) is a mediatoroutcome confounder, which is also affected by the exposure, opening a potential path from X→L→Y in addition to X→M→Y. We characterized the magnitude of associations along all paths between X, M, L, and Y using regression analysis (Web Table 4 ).
We examined the association of poverty at age <7 years and poverty at age 7-14 years with cognitive function at age 7-14 years using conventional regression analysis (Web Appendix 1). Figure 2 shows that there is mediator-outcome confounding (schooling/home environment) induced by the exposure. In this case, we hypothesized that the extent of financial resources available at age <7 years could plausibly influence whether a child was attending school and living in a poor home environment at age 7-14 years. Because of this intermediate confounding, we used the effect decomposition method derived by VanderWeele et al. (19) , who introduced 3 approaches for effect decomposition in the presence of exposure-induced mediator-outcome confounding: 1) joint mediators, 2) path-specific, and 3) intervention analog.
Joint mediators approach. In the joint mediators approach, the direct effect (X→Y) is defined as the effect of poverty at age <7 years (X) that is not mediated by poverty at age 7-14 years (M) or schooling/home environment (L). The indirect effect is defined as the effect of X that is mediated through M or L or both. Under the joint mediators approach, where M and L are considered joint mediators, the fourth assumption is modified as
and is effectively satisfied. In other words, in Figure 2 there is no effect of exposure that confounds the relationship between the joint mediators L and M. This approach would be useful if partitioning the indirect effect of X through M or L were not of interest, such that both poverty at age 7-14 years and schooling/home environment were assumed to be equally important as mechanisms by which poverty at age <7 affects cognitive function at age 7-14 (Y).
Path-specific approach. Assuming that the above 4 assumptions of unmeasured confounding (see Introduction) hold, the identifiable path-specific effects (17) are X→Y, X→LY, and X→M→Y. The path-specific approach is more relevant if the substantive question is to estimate the relative importance of specific pathways by partitioning the indirect effects of poverty at age <7 years through poverty at age 7-14 years (X→M→Y) and through pathways that involve schooling/home environment at age 7-14 years (X→LY), which is the combination of X→L→M→Y and X→L→Y. Thus, the path-specific approach can be used to estimate whether the effect of poverty at age <7 years is largely mediated through poverty at age 7-14 years only or through schooling/home environment.
Intervention analog approach. Effect decomposition carried out under the intervention analog approach is similar to a sequential randomized trial (Web Figure 1) (36-38) . The randomized intervention analog of the direct effect is defined as the difference in potential outcome between children who were exposed to poverty at age <7 years and children who were not, where in both cases the value of the mediator (poverty at age 7-14 years) was randomly drawn from the distribution of the mediator among children who were not exposed to poverty at age <7 years. The randomized intervention analog of the indirect effect is defined as the difference in potential outcome among children who were exposed to poverty at age <7 years, where the value of the mediator was first randomly drawn from the distribution of the mediator among children who were exposed to poverty at age <7 (Y M 1 1 ) and then the value of the mediator was randomly drawn from the distribution of the mediator among children who were not exposed to poverty at age <7 (Y M 1 0 ), thus simulating an RCT of the mediator. Subtraction of these 2 quantities estimates the intervention analog of the indirect effect (see equation e11 in the Web material). Thus, effect decomposition conducted as an analog of sequential randomization of the mediator requires only the first 3 assumptions. In the VanderWeele et al. approach (19) , effect decomposition was estimated using inverse-probability weights. Analyses using the VanderWeele et al. approach were conducted in SAS 9.1 (SAS Institute, Inc., Cary, North Carolina). We present details about the formula used for estimating effect decomposition in Web Appendix 2, the VanderWeele et al. methods in Web Appendix 3, construction of the weights in Web Appendix 4, and the SAS code used in Web Appendix 5. Despite its documented limitations, for comparative purposes we estimated effect decomposition using conventional sequential regression analysis (Web Appendix 6), and we present the results in Web Table 5 . Table 1 shows the characteristics of study participants using the complete-case sample. The median age-specific cognitive function z score was 0.53 (interquartile range, −0.07-0.83). Between 2000 and 2007, the median PCE among the poor households increased from 83,273 rupiah/ month (about US$10) to 214,376 rupiah/month (about US $25). Although this indicates overall improvement, the gap in PCE between the poor and nonpoor during this time period increased. About half (48%) of the children lived with a mother with only a primary-school education. Overall, the household living conditions improved from 2000 to 2007; however, only 55% of children had access to piped or pumped well water as their main drinking water source, and 63% used improved sanitation in 2007. Table 2 shows results from conventional regression analysis. The association of poverty at age <7 years with cognitive function (i.e., the difference in cognitive function z score) was −0.08 (95% confidence interval (CI): −0.13, −0.03) after accounting for baseline confounders. The association of poverty at age 7-14 years with cognitive function was −0.07 (95% CI: −0.11, −0.02) after adjustment for poverty at age <7 years and baseline and time-varying confounding. Table 3 shows the estimates for the effect decomposition of poverty at age <7 years on cognitive function at age 7-14 years. The joint mediator approach showed that the direct effect of poverty at age <7 years on cognitive function was −0.07 (95% CI: −0.12, −0.02), which is similar to the estimate from the path-specific effect. The direct effect of poverty at age <7 years from the intervention analog approach was slightly higher (β = −0.08, 95% CI: −0.13, −0.03). The indirect effect of poverty at age <7 years mediated through poverty at age 7-14 years for the joint mediator approach was −0.01 (95% CI: −0.04, 0.01). We used the MacKinnon et al. (39) method to estimate the 95% confidence interval for the ratio-mediated effect. This suggested that 18% (95% CI: 7, 29) of the total effect was mediated indirectly. From both the path-specific approach and the intervention analog approach, the indirect effect of poverty at age <7 years mediated through poverty at age 7-14 years was smaller (β = −0.003, 95% CI: −0.03, 0.02). Furthermore, the pathspecific approach showed that the effect of poverty at age In the IFLS, at least 6 events can be reported as economic hardship, including death of a household member; sickness of a household member requiring hospitalization or continuous medical treatment; crop loss; household or business loss due to fire, earthquake, or other natural disaster; loss of a job or business by a household member; and decreased household income due to a decrease in production or very low prices of products. A respondent may also add another event that is not on the list.
RESULTS
<7 years mediated through schooling/home environment was −0.01 (95% CI: −0.02, −0.0004). For comparison, Web Table 5 shows results from a conventional sequential regression analysis. The direct effect of poverty at age <7 years on cognitive function was −0.08 (95% CI: −0.13, −0.03). After further adjustment for poverty and schooling/home environment at age 7-14 years, the direct effect was −0.05 (95% CI: −0.10, −0.002). The change in the coefficient for the direct effect (−0.03/−0.08 = 0.37) showed that 37% of the effect of poverty at age <7 years on cognitive function was explained by M and L.
DISCUSSION
Our goal was to obtain an estimate of the optimal timing for a potential poverty-alleviating financial intervention and the mechanisms by which poverty in early life (at age <7 years) could affect cognitive function at age 7-14 years. From conventional regression analysis, the effect of earlylife poverty was similar to the effect of poverty in later childhood. From effect decomposition, we found that poverty at age <7 years had a bigger direct effect on cognitive function than via its mediated effect through poverty at age 7-14 years. Moreover, the mediated effect of poverty at age <7 years was stronger through pathways that involved schooling/home environment and poverty at age 7-14 years than through poverty at age 7-14 alone.
Although conventional mediation analysis (14) can be used to estimate direct and indirect effects, this method may generate biased estimates, especially for indirect effects in the presence of exposure-induced mediator-outcome confounding (15, 16) . In terms of the magnitude of the effect, conventional regression may yield estimates for the direct effect of poverty at age <7 years similar to those from the VanderWeele et al. approach (19) ; however, conventional regression does not deal properly with time-varying confounding and mediation. Results of the "mediated effect" from conventional regression suggest that 37% of the total effect is mediated (95% CI: 36, 38) as compared with 18% (95% CI: 7, 29) from the VanderWeele et al. approach. Thus, conventional regression overestimates the amount of mediation by a factor of 2 compared with the VanderWeele et al. method.
Our findings have several implications. First, our findings are qualitatively consistent with other studies suggesting that children exposed to poverty from birth to age 14 years have lower cognitive function (4, 40) . Second, and contrary to our a priori expectations, our findings provide little support for the idea that an early intervention to support household income has a larger effect than intervention later in childhood; both seem equally important (41, 42) . Third, the direct effect of poverty at age <7 years on cognitive function at age 7-14 years was small. In this study, a US$14 difference in median household expenditure between the poor and the nonpoor was associated with a 0.07-unit lower cognitive function z score. Small effects were also reported by Paxson and Schady (43) , suggesting that a $15 cash-transfer intervention was associated with a 5% standard-deviation increase in cognitive score b Association of poverty at age 7-14 years with cognitive function at age 7-14 years, adjusted for poverty at age <7 years, baseline confounders, and schooling/home environment. Abbreviation: CI, confidence interval. a Effect of poverty at age <7 years on cognitive function at age 7-14 years (X→Y). b Effect of poverty at age <7 years on cognitive function at age 7-14 years mediated through poverty at age 7-14 years (X→M→Y) or home environment/schooling (X→L→Y) or both under the joint mediators approach.
c Effect of poverty at age <7 years on cognitive function at age 7-14 years mediated through poverty at age 7-14 years (X→M→Y) under the path-specific approach.
d Effect of poverty at age <7 years on cognitive function at age 7-14 years mediated through home environment/schooling (X→L→Y), as well as through home environment/schooling and poverty at age 7-14 years (X→L→M→Y), under the path-specific approach.
e Effect of poverty at age <7 years on cognitive function at age 7-14 years mediated through poverty at age 7-14 years (X→M→Y) under the intervention analog approach.
among children under age 7 years in Ecuador. The estimated effect size in our study was approximately half that reported in a recent systematic review and meta-analysis of experimental and quasi-experimental evaluations of early-childhood interventions in low-and middle-income countries (44) which found that cash-transfer programs had a mean Cohen effect size of 0.17 (standard deviation, 0.06) on cognitive ability. Our study thus adds to evidence about the financial costs of cash-transfer interventions and the likely effects on improving cognitive function in children, which may in turn have flow-on effects on individual earnings and economic growth (45, 46) . In our data, the mechanism by which poverty under age 7 affects cognitive function was largely mediated through schooling/home environment and subsequent childhood poverty (age 7-14 years) rather than through poverty at age 7-14 years alone, which supports the argument that family financial resources contribute to children's developmental outcomes through direct parental investments of time and attention and through expenditure on children's skills, health, and education (5) .
Use of effect decomposition provides estimates for direct and indirect effects by controlling confounding appropriately even in the presence of exposure-induced mediator-outcome confounding. Here we present results from 3 approaches to effect decomposition in the presence of exposure-induced mediator-outcome confounding (L). Although our estimates show similar results, each method can be applied in different contexts. If there is L, the joint mediators approach does not violate the fourth assumption because both the mediator and the mediator-outcome confounder are considered joint mediators. The path-specific approach is useful for partitioning the indirect effect of exposure on outcome, which is mediated through confounding L in addition to the pathway involving the mediator. Finally, in the intervention analog approach, effect decomposition is estimated as an analog of a sequentially randomized mediator based on the exposure level, which effectively removes L.
We are fully aware that there are other potential mechanisms by which poverty at age <7 years could affect cognitive function at age 7-14 years, including (but not limited to) changes in access to health care, nutrition, cognitive environmental stimulation, parental stress, and parenting practices, but we did not have such measures in the IFLS data (47, 48) . To estimate potential bias due to unmeasured mediatoroutcome confounding (U), we conducted sensitivity analysis (Web Appendix 7). We found that the effect of U would have to be small to explain away the direct effect of poverty at age <7 years on cognitive function (Web Table 6 ).
In summary, in this analysis, exposure to poverty at age <7 years had similar effects on child cognitive function at age 7-14 years as child poverty at age 7-14 years. Despite the small effect size, cash-transfer intervention may improve children's cognitive function.
